Objective: To elaborate Mexican growth charts based on international methodology. Design: Data were obtained from the Mexican National Health Survey. The survey was stratified and probabilistic representative of all the country.
Introduction
Anthropometric measures, including, body weight, height and body mass index (BMI), and simple tools for evaluating the growth of children. These parameters are also indicative of the nutritional status and health of children (de Onis and Habicht, 1996) . In clinical practice, they are plotted against percentile charts based on a 'reference' population that indicate acceptable ranges for them.
Recently, the Centers for Disease Control and Prevention (CDC) presented the 2000 growth charts for the United States . These improve on earlier National Center for Health Statistics charts (Hamill et al., 1979; Dibley et al., 1987a, b) and on modified international reference charts (WHO, 1978; Graitcer and Gentry, 1981) . The new charts are nationally representative and are based on different databases using improved statistical smoothing (Flegal, 1999; Kuczmarski et al., 2002) .
World Health Organization (WHO) standards based on US children have been used worldwide, including most developing countries. However, because of genetic and environmental differences, US norms can be misleading for non-US populations.
In Mexico, the prevalence of obesity in children under 5 years of age increased from 4.2% in 1988 to 5.3% in 1999 (Rivera et al., 2002) . The 2006 National Survey for Health and Nutrition in Mexico found a decrease in stunting of 5-to 11-year-old children from 1999 to 2006 (from 16.1 to 10.4% in boys and from 16 to 9.5% in girls). However, in the same group, the prevalence of overweight plus obesity increased in boys from 17 to 25.9% and in girls from 20.2 to 26.8%. In 2006, the prevalence of overweight and obesity in 12-to 19-year-old male subjects was 21.2 and 10%, and the corresponding figures in female subjects were 23.3 and 9.2%. A 1999 survey indicated that the prevalence of overweight and obesity in female subjects was 21.6 and 9.2% (Olaiz-Fernández et al., 2006) .
Interest in childhood obesity and metabolic conditions has increased in Mexico in the last years. A cross-sectional survey investigated the prevalence of coronary risk factors in 12-to 16-year-old Mexican adolescents and their relation to public and private school attendance, gender, and urban and rural residency. The frequency of high blood pressure, overweight, obesity, smoking and physical inactivity was higher in adolescents who lived in urban areas, and adolescents who lived in rural areas had a higher frequency of dyslipidemia (mainly low levels of high-density lipoprotein and high levels of triglycerides). Except for total cholesterol and low-density lipoprotein levels in boys who attended urban private schools, risk factors were related to BMI, triceps skinfold and waist circumference (YamamotoKimura et al., 2006) . Another Mexican survey examined the waist distribution and waist cutoff point in 6-to 10-year-old children. Boys had higher values than girls. For instance, the values corresponding to the 85th percentile ranged from 62.9 to 85.9 cm in boys and from 66.8 to 72.08 cm in girls. Using a receiver-operator curve, the suggested cutoff point of waist circumference for overweight was 69.5 cm in boys and 66.2 cm in girls (Gó mez-Díaz et al., 2005) . Another series of reports and surveys have reported a higher prevalence of overweight and obesity in children living in northern parts of Mexico (Hurtado-Valenzuela and Sotelo-Cruz, 2005; OlaizFernández et al., 2006) , particularly near the US border (Menchaca Martin and Zonana Nacach, 2006; VillaCaballero et al., 2006) . The factors associated with increases in overweight and obesity have been examined in different Mexican studies. Data collected during the 1999 National Nutrition Survey (NNS-99) indicated that the risk of overweight and obesity in 5-to 11-year-olds was positively associated with age, gender, socioeconomic status and mothers' level of education (Hernández et al., 2003) . Violante et al. (2005) examined data collected in the International Study of Asthma and Allergies in Childhood (ISAAC) and found that birth weight, fast food consumption, television viewing and low physical activity were risk factors for childhood obesity. Another survey also found a relationship between overweight, television viewing and physical inactivity (Hernandez et al., 1999) .
In Mexico, the most common national growth charts are Ramos-Galvan's (1975) . These were first presented in 1975 and the data were from a sample selected in Mexico City. The Mexican National Health Survey 2000 (Valdespino et al., 2003) , which is an effort to describe the main components of the health/disease picture in Mexico, was planned and conducted to be nationally representative; it therefore supplies a data set from which improved Mexican growth charts comparable to the CDC 2000 growth charts can be derived.
In the present work, growth charts from 10 to 18 years are presented, including charts of weight for age, stature for age, BMI for age, weight for stature and BMI for stature.
Patients and methods
The Mexican National Health Survey 2000 (La Encuesta Nacional de Salud, National Health Survey, ENSA 2000) was based on a random sample of basic geographical statistical units selected from each of the Mexican states and the Federal district (Mexico City) using a database updated periodically by the National Institute of Geography and Statistics (Instituto Nacional de Geografía y Estadística). The health issues to be surveyed by ENSA 2000, as well as the survey instruments to be used, were defined based on public health information requirements and analysis of previous surveys. The survey methods have been described elsewhere (Valdespino et al., 2003) .
The basic analysis unit was the household. Households were selected by proportional allocation to urban and rural strata. Fourteen municipalities (counties) per state were selected with a probability proportioned to the number of households in the municipality. Five basic geographic areas were selected per municipality with probability proportioned to the size of each area. Three blocks by basic geographic area and finally seven households per block were randomly selected. From each household's inhabitants, a subject between 10 and 19 years of age was randomly selected (if available). The subject herself or himself was the informant in the interview.
Calculation of the sample size assumed a minimal frequency to estimate of 5%, maximal relative error of 0.3% and non-response rate of 30%. A total of 47 360 households containing a total of 123 136 individuals, including 7862 boys and 8947 girls aged 10-17 years, were studied. Boys and girls aged 10-17 years were 13.6% of the total sample; the corresponding age group in the 2000 census of Mexico was 17.3% of the total population. Data were collected as part of the National Health Survey 2000. All procedures were in accordance with the ethical standards of the Helsinki Declaration of 1975 Declaration of , as revised in 1983 Demographic data were documented. All children had their height (Estadimeter SECA Productos ADEX SA de CV, Mexico, Mexico City) and weight (Solar Scale, Tanita Corporation of America Inc., Arlington Heights, IL, USA) measured to the nearest 5 mm and 0.1 kg, respectively, with the child in light clothing without shoes. BMI was calculated as weight (kg) divided by the square of the height (m 2 ). Percentiles were calculated for both sexes, each year, and each centimeter of height, an approach similar to that of the CDC in constructing growth charts for this age range .
All ages were labeled as the complete year of the defined age group. For example, the 10-year-old group contained children from 10 years of age to 10 years, 11 months and 30 days.
First, selected empirical percentiles (10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th and 90th) were calculated. The selected empirical percentiles were smoothed, using a variety of parametric and non-parametric regression procedures to select an accurate method based on squared r and errors. In the age percentiles, the curves were smoothed using the JMP procedure 'fit splint 0.1,' whereas the stature percentiles were smoothed by polynomial quartic fit (JMP 5.01, SAS Institute Inc., Cary, NC, USA). The smoothed curves were approximated using a least-mean-squares (LMS) estimation procedure to provide the transformation parameters lambda, mu and sigma. This resulted in final percentile curves that closely matched the percentile curves smoothed in the first stage and allowed computation of additional percentiles and Z-scores. In the LMS technique, three parameters are estimated: the median (M), the generalized coefficient of variation (S) and the power in the Box-Cox transformation (L). L reflects the degree of skewness. The LMS transformation equation is
where X is the physical measurement and Z is the Z-score that corresponds to the percentile.
The 5th, 10th, 20th, 30th, 40th, 60th, 70th, 80th, 85th, 90th and 95th percentiles were calculated. Additionally, the percentile and Z-score corresponding to a BMI of 25 and 30 kg/m 2 at age 18 years were calculated using the following formula:
Results
The characteristics of the population included in the determination of the percentiles are presented in The curves for height in girls plateau at age 15 years, whereas the curves for weight and BMI have minor increments in the years from 16 to 18. The curves for boys tend to be higher and have a higher slope than those for girls.
We compared the 5th, 50th and 95th percentiles in the present work with those reported by the CDC (Table 7) . The 5th and 95th weight percentiles are lower in the Mexican data; the weight 50th is similar for ages 10-14 years in boys and 10-16 years in girls. Regarding height, the three percentiles depicted are always lower in Mexicans. The case of BMI is peculiar; the 5th percentiles are lower in Mexican boy and girls than in the US boys and girls, and the 95th percentile is lower in Mexican boys from 13 to 18 years and in Mexican girls from 14 to 18 years. However, the 50th BMI percentile is always higher in the Mexicans. The 85th BMI percentile in Mexican boys is in the range for US boys, but the value for Mexican girls is higher than the range for US girls. Yet, it is important to recall that the American 
Discussion
A review of birth cohorts from countries undergoing a nutrition transition focused on childhood growth patterns and their possible association with cardiovascular disease in adulthood. Although there were differences in data availability and data collection procedures, there were consistent associations between early childhood growth impairments and later childhood overweight, with risks of elevated blood pressure, glucose and serum lipids in adulthood (Stein et al., Mexican anthropometric percentiles in adolescents BE Del-Rio-Navarro et al 2005). In many ways, Latin America countries have similar histories. Since the beginning of the current century, it has been noted that Latin America is undergoing an epidemiological and nutritional transition. As these countries emerged from poverty, the incidence of stunting and malnutrition diminished, and the incidence of obesity increased (Uauy et al., 2001) . For instance, in a survey of four isolated Mexican rural communities, stunting was seen in 4.2% of children under 5 years of age, but 17% of the boys and 19% of the girls were overweight (Sánchez-Castillo et al., 2001) . These changes may be ascribed to dietary changes, including increased consumption of high fat, high carbohydrate, energy-dense foods; decreases in consumption of whole grains, fruits and vegetables; adoption of a western style diet; and low physical activity (Uauy et al., 2001) . In Mexico mortality rates due to diabetes, hypertension and acute myocardial infarction have increased dramatically in parallel with the prevalence of obesity in adults and children. Increases in fat intake and purchases of sugar and refined carbohydrates, particularly soda, may be related to increases in overweight, obesity and mortality due to dietrelated causes (Rivera et al., 2002) . Figure 1 Weight for age percentiles. The lines represent the percentiles p5, p10, p25, p50, p75, p90 and p95 for 10-18 years.
Mexican anthropometric percentiles in adolescents BE Del-Rio-Navarro et al
There are several examples of increasing prevalence of obesity in Latin America. Chilean investigators collected data on weight, height and sex in 6-year-olds in 1987, 1990, 1993, 1996 and 2000-2003 . The average weight and height of 6-year-olds increased during those years. There was a reduction in the frequency of weight deficits and stunting in children, and the increment of frequency of overweight (14-20%) and obese (4-12%) children with stabilization from the year 2000 (Kain et al., 2005) . In Brazil, national surveys showed an increase in the prevalence of overweight in 6-to 9-year-old children (4.9-17.4%) and 10-to 18-year-olds (3.7-12.6%) between 1974 and 1997, and decreases of underweight in both age groups. These changes were more prominent in families of high socioeconomic status. Like other Latin America countries, Brazil is transitioning from an under-to an overweight country (Wang et al., 2002) . In different versions of the National Health and Nutrition Examination Survey (NHANES), the prevalence of risk of overweight and overweight (BMI for age percentile X85th) has increased in children 2-5 years of age and 6-11 years of Figure 2 Height for age percentiles. The lines represent the percentiles p5, p10, p25, p50, p75, p90 and p95 for 10-18 years.
Figure 3 BMI for age percentiles. The lines represent the percentiles p5, p10, p25, p50, p75, p85, p90 and p95 for 10-18 years. p74.5 and p72.5 are added for boys and girls, respectively; they are the percentiles corresponding to BMI 25 kg/m 2 at 18 years, that is, the cutoff point of overweight risk according to Cole method.
Mexican anthropometric percentiles in adolescents
BE Del-Rio-Navarro et al Mexican anthropometric percentiles in adolescents BE Del-Rio-Navarro et al age. In all USA ethnic groups, the prevalence of risk of overweight and overweight have changed from 22.0 to 23.5 to 26.2% in the surveys 1999-2000, 2001-2002 and 2003-2004 . In groups of 6-11 years, this prevalence has increased from 29.8 to 32.2 to 37.2%, respectively. Increases in the prevalence of risk of overweight and overweight in Mexican-Americans are even greater. For example, in this group the prevalence in 2-to 5-year-olds increased from 23.1 to 30.1 to 32.6%; and the prevalence in 6-to 11-year-olds increased from 38.8 to 39.4 to 42.9% (Ogden et al., 2006) . According to the 2006 National Survey for Health and Nutrition in Mexico (Olaiz-Fernández et al., 2006) , the obesity prevalence is growing and it is very closed to the reported in USA and higher than the reported in other Latin America countries. The distribution of the Mexican data is peculiar as compared to the CDC charts. The 5th and 95th percentiles for weight, stature and BMI are lower for both sexes than those of Americans, but the 50th BMI percentiles are higher for Mexicans, the 85th BMI percentile in Mexican boys is similar to that in US boys, and the 85th BMI percentile in the Mexican girls is higher than that for US girls. The lower 5th percentiles in Mexicans may imply stunting, genetically lower stature, a thrifty phenotype and/or genotype, or a complex mix of all these (Hernandez-Diaz et al., 1999) . Meanwhile, the higher 50th and 85th BMI percentiles are probably caused by the high prevalence of overweight and obesity in the studied population. The peculiar BMI percentile distribution may be also attributed to the need of different Benn index (the power for the stature in meters in the BMI formula) (Franklin, 1999) to compensate for the change in adiposity in Mexican boys at different ages, as compared to the US population in the CDC charts. The distribution of the BMI may also reflect the existence of regional differences in the population sample; the Northern region tended to be taller and heavier, whereas the Southern region tended to be shorter and lighter (data not shown). However, there are too few subjects to calculate regional percentiles. Yet, it is important to recall that the American percentiles are based on an 'idealized' population, they were created excluding groups with known high prevalence of obesity, like those from NHANES III and the Mexican Mexican anthropometric percentiles in adolescents BE Del-Rio-Navarro et al Mexican anthropometric percentiles in adolescents BE Del-Rio-Navarro et al Figure 4 Weight for height percentiles. The lines represent the percentiles p5, p10, p25, p50, p75, p90 and p95 for 10-18 years.
Mexican anthropometric percentiles in adolescents BE Del-Rio-Navarro et al percentiles are from a 'raw current' population with a high prevalence of overweight and obesity. BMI is widely accepted for the evaluation of obesity in adults and children in both the clinical and epidemiological setting (Dietz and Bellizzi, 1999) . However, it is difficult to define an ideal reference population. It is obvious, for example, that percentiles from the USA cannot be readily applied to developing countries. The genetic background of different ethnic groups is also a significant -perhaps even more significant -confounder of the distribution of BMI and its relation to body fatness (Deurenberg et al., 1998) . It is doubtful, therefore, whether specific BMI limits can have equal significance in risk classification for certain health hazards in different populations. WHO has issued international definitions for overweight and obesity in children (Cole et al., 2000) . It prepared BMI percentiles from databases of six countries with low prevalence of overweight and obtained the percentile corresponding to a BMI of 25 kg/m 2 for different age groups and both genders. In general, compared to other references, WHO's standards produce similar estimates of overweight but lower estimates of obesity (Reilly et al., 2000; Kain et al., 2002; Abrantes et al., 2003) . Chilean investigators have developed local percentiles of BMI for age and have proposed the use of percentiles based not on age but on Tanner stage (Burrows and Muzzo, 1999; Burrows, 2001) . Although grouping adolescents by Tanner stage is interesting, determining the Tanner stage is difficult in large surveys. Additionally, overweight may affect sexual development, inducing acceleration in girls and delay in boys (He and Karlberg, 2001) . Compared with Chilean 50th, 85th and 95th percentiles of BMI for age, Mexican boys and girls have higher BMI levels.
The percentiles presented in the growth charts in this paper are snapshots of a Mexican population but not of a normal reference Mexican population. In particular, the median BMI is rather high and there is a high prevalence of overweight and obesity compared to US and WHO reference populations (Del-Rio-Navarro et al., 2004) . Therefore, one must be cautious in establishing an upper normal cutoff for clinical normality, not merely selecting the 85th and 95th percentiles as equivalents of overweight and obesity, respectively. Therefore, we calculated the percentile corresponding to BMI 25 kg/m 2 at 18 years as representative of overweight (74.5 in boys and 72.5 in girls) and calculated the values for that percentile in the different age groups; these cutoffs could be considered as the action points at which treatment of overweight might be begun for the different ages. The differences in the Mexican and CDC growth curves of girls and boys can be ascribed to different sexual maturation rates. In both populations, growth rate decreases by the age of 14 years. In girls, this decrease in growth rate may be related to menarche. The average age of menarche in girls is 13.3 years in Mexico (Rivera-Dommarco et al., 2001 ) and 12.54 in the USA (Anderson et al., 2003) .
The main problems of the present work are the use of data from a contemporary population with a high prevalence of overweight and obesity; the survey was cross-sectional and representing composite children. Additionally, the present Mexican charts are calculated for each completed year of age, whereas the CDC charts have the values presented for 6 months, this a limitation of the present study.
The results presented in this study can help in determining the status of obesity in the population and in developing population-based measures to control the problem. They can be viewed as the baseline data in a long-term observation of the trends of BMI, body weight and height in Mexican children, and will also be useful in evaluating the efficacy of relevant public health measures.
We propose to use the present growth tables as a step to replace the old Mexican growth tables from the 1970's. We know that it is necessary to explore the use of other definitions of obesity, use an 'idealized' population for such definitions, include fractions of years in the tables and include all the range of pediatric ages in the tables. We consider the present work as a precedent for future studies in the field that would take in account our limitations. We think that the present tables could be a practical guide for the pediatric practice up to the publication of more accurate growth charts.
